There have been numerous reports on the pre paration of imidazolides of esters of phosphoric acid and their reactions. In the early 1950's 1, imi dazolides of diesters of phosphoric acid (2 ) were prepared, and studied kinetically as model com pounds for enzyme reactions. yield. Similarly, 2 (R = ^-OaNCeHi) was prepared3 and utilized to O-phosphorylate N-blocked esterified L-und DL-serine in 40-60% yield without prior isolation of the transfer agent 2 (R -P-O2NC6H 4).
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In the early 1960's, S t a a b , C r a m e r , and co workers have extensively utilized imidazolides of phosphoric acid derivatives to prepare di-and triesters4-9. In this manner, monoimidazole alkyl or aryl phosphates (4) have been prepared4-5 and reacted5-6 with numerous alcohols to give diesters 0 0
of phosphoric acid 5 in yields exceeding 70%. Similarly, 4 (R = adenosin-5'-) was prepared and reacted7 with alcohols and phenols to give adenosin-5'-phosphoric acid esters (5, R = adenosin-5'-, R ' = alkyl, aralkyl, aryl) in 16-94% yields. Hydroxy derivatives such as carboxylic acids5-6, w ater4, and monoesters of phosphoric acid5-6 have also been successfully interacted with phosphorus compounds utilizing imidazolides (4). Similar transfers have been achieved with di-imidazolides of monoesters of phosphoric acid8 and tri-imidazolides8. Tetrabenzyl pyrophosphate 6 was used10 to phosphorylate w-propyl alcohol in 95% yield in the presence of imidazole as catalyst. Presumably, the (RO>2POC3H7-n reaction proceeds through an imidazolide of dibenzyl phosphoric acid (2, R = CH2C6H5) although the interm ediate 2 was not isolated.
In the late 1960's, diethyl imidazole-1 -phosphonate (2 , R = C2Hs) was prepared11 and used to synthesize12 asymmetric phosphates by reaction with primary, secondary, tertiary alcohols and phenols. The yields ranged from 6 to 8 8 %.
Recently, we have reported13 the preparation of (l-oxyl-2,2,6,6-tetramethyl-4-piperidyl)phenyl imi dazole-1-phosphonate (9) by the stepwise reaction of phenyl dichlorophosphate (7) to give (1 -oxyl-2,2,6,6-tetramethyl-4-piperidyl)phenyl phosphoro-
h 3c I 6 h 3 0 chloridate (8 ) and, subsequently, 9. Transfer agent 9 was then utilized specifically for the preparation13 of spin-labeled steroidal phosphates (10, R = steroi dal moiety).
OPOR ♦ HN R = steroidal moiety
10
We now wish to report an extension of this work to the preparation of various asymmetric phosphates containing the nitroxyl moiety. It was found th at the transphosphorylation reaction using the imi dazole derivative 9 is by far the preferred method for the preparation of asymmetric spin-labeled phosphates in yields in most cases exceeding 70%. Thus, various spin-labeled phosphates 10 (R = alkyl, necessary if the key interm ediate were chloridate 8 . All phosphates 10 are quite stable, except for the a-tocopheryl derivative (10, R = a-tocopheryl), which transforms from a red oil to a dark green oil on storage a t room tem perature for 10 hours even under reduced (0.3 torr) pressure. The vitamin E derivative's stability is considerably enhanced by storage a t -20 °C. The results of these experiments are listed in Table I .
For verification and comparison of methods, the phosphates 10 were also prepared via chloridate 8 and the corresponding alcohol in the presence of triethylam ine using benzene and dioxan as solvents. In both solvents, the yields of phosphates 10 were markedly lower than those obtained by the imidazole method. Thus, in benzene, the yields of 10 ranged between 27 and 69%, while in dioxan between 21 and 24%. Two reactions of chloridate 8 with alcohols in dioxan were sufficient to show th a t this solvent is inferior to benzene for the preparation of spinlabeled phosphates 10 from the chloridate 8 . How ever, it m ust be emphasized th a t dioxan is the solvent of choice for the transphosphorylation reactions of imidazolide 9 with alcohols. The results of these experiments are listed in Table II . The better yields of phosphates 10 obtained from imidazolide 9 in dioxan as compared to benzene as solvents can be explained as follows. Imidazole, with its unique aromatic system can enhance the nucleophilicity of the alkoxy anion by accepting the proton of the alcohol, and dioxan, with its lone-pair electrons on oxygen may assist the reac tion through solvation to a greater degree than benzene. 
Experimental
M aterials: All reagents were of the best quality commercially available and were used without further purification. The preparation of (1-oxyl-2,2,6,6-tetramethyl-4-piperidyl)phenyl phosphorochloridate (8) and its corresponding imidazole deriv ative 9 was reported previously13. The benzene and dioxan used in all reactions was distilled from and stored over sodium. The imidazole used to prepared phosphonate 9 wras supplied by BASF Corporation of Parsippany, New? Jersey.
A n alytical procedures: All melting points are uncorrected. Molecular weights were determined isopiestically on a Hitachi Perkin-Elmer Model 115 Molecular Weight apparatus. The EPR spectra wrere obtained on a Varian E3 spectrometer. An 
approximately 10~4 M solution of the phosphate in benzene was purged with dry nitrogen for about five minutes, then analyzed. Microanalyses were performed on a F & M Scientific Corporation Carbon, Hydrogen, Nitrogen Analyzer.
The column chromatography for all compounds was performed on aluminium oxide (basic, Brock man activity I V ; 80-200 mesh). In all cases, a ratio of 20:1 (w/w) of AI2O3 to crude sample was used, with chloroform as the eluant. The first fraction eluting was analyzed and found to contain the product. The solvent was removed using a rotating evaporator a t 23-25 °C (12-15 torr).
Reaction of ( l-o x yl-2 ,2,6,6-tetram ethyl-4-piperidyl)-phenyl imidazole-1-phosphonate (9) with alcohols A solution of 9 13 (1.9 g, 0.005 mol) and the appropriate alcohol (0.005 mol) in dioxan (20 ml) was stirred a t 20-25 °C for 20 h . The reaction m ixture was concentrated using a rotating evapo rator a t 25 °C (12-15 torr) to give the crude product which was purified by column chromatography on AI2O3. Crystallization of the concentrated eluate could be induced by scratching the walls of the flask with a glass rod or by trituration with pentane, and storing a t -20 °C for 12 h. The phosphates 10 prepared in this manner are listed in Table I. 
